Introduction {#s1}
============

It is widely acknowledged that child undernutrition is a multifaceted problem ([@B1], [@B2]). In this regard, the UNICEF (2015) conceptual framework of the determinants of child undernutrition identifies a set of immediate, underlying and basic causes of undernutrition ([@B3]). While individual diets and risk of infections are identified as the immediate causes of undernutrition, these are shaped by household food insecurity, vulnerable living environment as well as poor health care access and practices. Further, at a meso-level, these factors are influenced by a range of social, economic, and political factors and processes. The task of addressing child undernutrition, therefore, calls for multisectoral response ([@B4]) to draw upon synergies across policies and programmes of various ministries, governmental departments, and implementing partners. Multisectoral convergence is necessary to enhance complementarity between public policy initiatives and private efforts of individuals and households to prevent child undernutrition. Convergence is identified as a critical theme in organizational theory and is synonymous to concepts such as integration, collaboration, coordination, and cooperation ([@B5]--[@B7]), which are gaining recognition in national and international forums. For instance, the Sustainable Development Goals (SDGs) acknowledges the interdependent nature of all the proposed targets and places emphasis on collaborative partnerships, policy coordination, and coherence to make global progress.

In this context, India has displayed a strong commitment to integrate multisectoral convergence into its development agenda, particularly on nutrition, health and well-being. Two recent policy initiatives exemplify this effort: (a) Prime Minister\'s Overarching Scheme for Holistic Nourishment (National Nutrition Mission or popularly referred to as the POSHAN *Abhiyaan*); and (b) Aspirational Districts Programme (ADP). The former was launched in 2018 with targets of reducing the prevalence of child stunting, underweight, and low-birth weight by 2% points per annum, and anemia among children by 3% point per annum. The latter was designed to streamline policy efforts to address developmental needs and priorities of 115 most disadvantaged districts in India. These aspirational districts were identified from 28 states (at least one from each state) based on a composite index comprising of 49 key performance indicators across various developmental sectors, including health and nutrition ([@B8]). Importantly, both these initiatives emphasize the need for a synergistic and convergent planning to effectively transform the nutritional landscape of India.

Despite this growing emphasis on multisectoral convergence approach, the extent of synergistic effect that may arise when all the concerned sectors simultaneously work together to reduce child undernutrition remains unclear. In developing countries, the efforts to reduce child undernutrition are usually entrusted to departments concerning health care or women and child development issues, and they remain disconnected from the policy sectors responsible for household socio-economic and environmental well-being. The potential merits of multisectoral convergence, therefore, remain unknown in the absence of empirical assessments of the prospective roles of relevant sectors for reinforced action and shared accountability.

This paper aims to quantify the potential reduction in child undernutrition that can be achieved if various sectors successfully converge in India. We hypothesize that multisectoral convergence is necessary and can be more effective than different sectors working in silos. We estimate the contribution of specific interventions classified across six developmental sectors: (a) health, (b) women and child development, (c) education, (d) water, sanitation, and hygiene, (e) clean energy, and (f) growth sector. In the Indian context, each of these sectors represent different ministries and line departments. We also estimate the potential contribution of the proposed multisectoral convergence across 115 aspirational districts of India where the impact is expected to be greater than all India. To our knowledge this is the first attempt to explore the potential effects of multisectoral convergence on child undernutrition in India. The findings can contribute toward intensified convergent action and simultaneously infuse greater accountability among vital but hitherto neglected sectors in the field of child undernutrition.

Materials and Methods {#s2}
=====================

Survey Data and Study Population
--------------------------------

The study draws upon the data from most recent round of National Family Health Survey (NFHS), 2015--16. The sampling frame for NFHS is based on Census 2011, enabling estimations on all available indicators for 640 districts from all states and union territories (UTs). The information on health and nutritional status of children in NFHS were obtained from a two-stage stratified random sampling frame. The primary stage unit for sample were villages and census enumeration blocks for rural and urbans areas, respectively. In the second stage, households were selected for survey from each cluster/village/block on the basis of probability systematic sampling. Overall, NFHS 2015--16 provides information for 259627 singleton children. After excluding 34,627 cases with missing information on age, sex, height and weight, and excluding children aged below 12 months and above 24 months (179,712 cases), the final analytic sample was 45,288 singleton children aged 12--23 months. We restricted the final analytic sample to children aged between 12 and 23 months because diet-related data are relevant for this age group only.

Outcome Variables of Child Undernutrition
-----------------------------------------

We focus on two anthropometric indicators of child undernutrition viz. stunting and underweight. The binary variables for child stunting and underweight were constructed based on World Health Organization (WHO) growth standards ([@B9]). The NFHS provides standard information on height and weight of child. Skilled health investigators were appointed to measure weight using digital solar-powered scales along with adjustable short measuring boards. For children aged below 24 months, recumbent length was measured ([@B10]). Age- and sex-specific z scores were calculated from raw height and weight measures using WHO growth standard ([@B9]). A child\'s "height for age" (or "weight for age") is a measure of their height (or weight), relative to a standard (healthy) population of the same sex and same age (in months). It is expressed as the difference between the height of the observed child and the average height of healthy children i.e., z-scores, scaled by standard deviation (SD) of child\'s height of healthy population. Stunting was defined as height-for-age z-scores \< -2 SD and underweight as weight-for-age z-scores \< -2SD.

Key Interventions by Sectors
----------------------------

The primary predictors for the analysis were various indicators that correspond to various sectors represented by different ministries and line departments in India. [Table 1](#T1){ref-type="table"} presents the sector-specific covariates and indicators identified for the analysis. These 23 predictors were identified to have a direct or indirect bearing on child nutritional outcomes in prior studies ([@B11], [@B12]). Out of all 23 binary correlates, 19 were directly associated with five nodal ministries of the government of India ([Table 1](#T1){ref-type="table"}). We classified household economic well-being and maternal stature as part of a growth sector that also reflects "long-term" investments and developmental strategy. Our analysis also included the following sociodemographic variables: household head\'s social group (categorized as; Scheduled Castes (SCs), Scheduled Tribes (STs), Other Backward Classes (OBCs), and others) and religion (categorized as; Hindu, Muslim, and others).

###### 

List of selected indicators/interventions/covariates by sector with respective nodal ministries, Government of India, 2019.

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **Sector**                                                       **Intervention/Explanatory component**                        **Variables (Yes = 1/No = 0)**
  ---------------------------------------------------------------- ------------------------------------------------------------- ----------------------------------------
  Health sector\                                                   Institutional delivery                                        Institutional delivery
  (Nodal Ministry: Ministry of Health and Family Welfare)                                                                        

                                                                   Antenatal Care (ANC)                                          4+ ANC visits

                                                                   Child immunization                                            Full immunization

                                                                   Vitamin supplementation                                       Vitamin-A supplement

                                                                   Breastfeeding counseling                                      Breastfed within one hour

                                                                   Iron Folic Acid Supplementation (IFA)                         100+ IFA doses

                                                                   Deworming dose to children                                    Deworming dose

                                                                   Diarrhea among children                                       Diarrhea

                                                                   Cough among children                                          Cough

                                                                   Reproductive health                                           Birth Order \> 3

                                                                   Anemia among women                                            Maternal anemia (Any)

  Women and child development sector\                              Dietary intake                                                Full dietary diversity
  (Nodal Ministry: Ministry of Women and Child Development)                                                                      

                                                                   Low birth weight                                              Low birth weight

                                                                   Utilization of Integrated Child Development Services (ICDS)   Any ICDS benefits received by mothers

                                                                   Utilization of Integrated Child Development Services (ICDS)   Any ICDS benefits received by children

                                                                   Child marriage                                                Girl child marriage

                                                                   Women Body Mass Index (BMI)                                   Maternal low BMI

  Water, sanitation, and hygiene Sector (Ministry of Jal Shakti)   Sanitation                                                    Improved sanitation facility

                                                                   Sanitation                                                    Safe Stool disposal

  Education sector\                                                Female education                                              Maternal matriculation
  (Ministry of Human Resource Development)                                                                                       

  Energy sector\                                                   Cooking fuel                                                  Clean Cooking fuel
  (Ministry of Petroleum and Natural Gas)                                                                                        

  Growth sector\                                                   Economic well-being                                           Wealth quintile: third or above
  (Ministry of Finance/Ministry of Rural Development)                                                                            

                                                                   Maternal stature                                              Maternal height \>145 cm
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------

*Interventions/covariates are classified by their respective nodal ministry of Government of India. The construction of some variables such as full dietary diversity, improved sanitary facilities, safe, stool disposal, clean cooking fuel, 4+ ANC visits, and full immunization are in accordance with the definition provided by NFHS, 2015--16 (IIPS 2017)*.

Statistical Analysis
--------------------

The prevalence of child stunting and underweight by selected correlates were reported along with 95% confidence interval (CI hereafter) via two-way cross-tables. Logistic regression was used to assess the econometric association of child stunting (and underweight) with selected primary predictors. Multivariate logistic regression were mutually adjusted for 23 primary predictors and sociodemographic covariates.

Relative risks based on post-estimations from these regression models were used to compute *population attributable risk* (PAR) for child stunting and underweight. To elaborate, PAR (expressed as percentage) shows the proportion of child stunting and underweight that can be attributed to the selected predictor(s). PAR calculations are based on comparison of "baseline scenarios" with "counterfactual or idealistic scenarios" ([@B13]). PAR estimates assume a causal relation between the predictor and outcome of interest. A number of studies have estimated PAR and PAF (population attributable fractions) to assess the impact of interventions or risk factors on child mortality in different counterfactual scenarios ([@B14], [@B15]). In our analysis, PAR estimates were derived based on two different mutually adjusted scenarios. In the first scenario, all 23 primary predictors and covariates were kept the same as observed in the original sample. In the counterfactual scenario, each selected predictor was set to its best condition (either 1 or 0) one at a time while keeping all other factors unchanged in the model. The difference in the PAR between the two scenarios demonstrates the extent to which child stunting and underweight can be reduced in a hypothetical ideal situation where the selected predictor is set to its best condition. For example, hypothetically, a PAR value of 3 percent for stunting to diarrhea would indicate a 3% point reduction in child stunting that could occur in the counterfactual scenario where no child suffers from diarrhea, while keeping all other factors unchanged as observed.

The following formula is used for estimating PAR based on the relative risks derived from the logistic regression analysis:
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Where, RR is the relative risks (odds), P~e~ is the prevalence of the risk factor of interest.

Child undernutrition can occur due to simultaneous effects of multiple risk factors, but the PAR for multiple risk factors cannot be estimated by adding up effects of individual interventions. In such cases, the relative risks are estimated based on conditional arithmetic mean calculated based on the predicted values for given covariates and parameter estimates ([@B13]). When computing PAR for multiple interventions simultaneously, a key assumption of the model is that all the considered covariates are uncorrelated. Here, it may be noted that inadequate dietary intake and Vitamin-A deficiency are relatively more common among the poorer than richer households. Therefore, given the potential correlation between household\'s economic status and other covariates, we also estimated PAR values by segregating the sample into poor (bottom two wealth quintiles) and non-poor (top three wealth quintiles) as a sensitivity analysis ([@B15]). The estimations were carried out using Stata (15.0 version) and the package "*regpar"* ([@B16]). After estimating the parameters of a logistic regression model, the statistical package "*regpar"* was used to compute, and compare the predicted prevalence means between the two scenarios along with their confidence intervals (95% CI). The 95% CIs were derived by normalizing and variance-stabilizing transformations to estimate transformed parameters ([@B17]). In this special case of computing difference between two proportions/ratios (i.e., between two scenarios/PAR), Fisher\'s Z transformation ([@B17], [@B18]) was used to normalize and compute the 95% CIs.

Results {#s3}
=======

The all India prevalence of stunting and underweight was 42.7 and 35.1% (for children 12--23 months), respectively. The prevalence, however, varied considerably across interventions from various sectors ([Table 2](#T2){ref-type="table"}). In the health sector, stunting prevalence was 49% among children whose mothers had not received four or more antenatal care (ANC) visits compared to those who had completed at least four ANC visits (36%). The prevalence of stunting and underweight among home born children (53.1 and 46.6%, respectively) was about 13% points higher than those born in institutional facility (40.4 and 32.5%, respectively). In the women and child development sector, the prevalence of stunting and underweight was much lower among children who received minimum dietary diversity (37.1 and 27.9%, respectively) than those who did not (43.8 and 36.6%, respectively). In the water, sanitation, and hygiene sector, about 49.4 and 43.3% of children were stunted and underweight among households with no improved sanitation facility, whereas, it was 35.0 and 25.8%, respectively among those who had improved sanitation facility. In the energy sector, households using clean cooking fuel had relatively much lower proportion of stunted children (32.4%) than those using other fuels for cooking (47.9%). In the growth sector, among all the children from poorer households (i.e., first and second wealth quintile), about 51.8% were stunted and 45.8 were underweight. Substantial burden of stunting (34.7%) and underweight (25.8%) was observed even among children from richer households.

###### 

Prevalence of child (12--23 months) stunting and underweight in India by selected intervention covariates, India, NFHS 2015--16.

                                              **Stunting**   **Underweight**          
  ------------------------------------------- -------------- ----------------- ------ ----------------
  Institutional delivery---yes                40.4           \[39.8; 40.8\]    32.5   \[32.1; 33.1\]
  Institutional delivery---no                 53.1           \[52.1; 54.1\]    46.6   \[45.6; 47.6\]
  4+ ANC visits---yes                         36.1           \[35.4; 36.7\]    28.9   \[28.2; 29.5\]
  4+ ANC visits---no                          49.1           \[48.4; 49.7\]    41.8   \[41.2; 42.4\]
  Full immunization---yes                     40.8           \[40.2; 41.3\]    33.5   \[32.9; 34.1\]
  Full immunization---no                      45.9           \[45.1; 46.6\]    37.7   \[37.1; 38.4\]
  Vitamin-A supplement---yes                  40.9           \[40.2; 41.4\]    33.9   \[33.4; 34.5\]
  Vitamin-A supplement -no                    46.1           \[45.3; 46.8\]    37.4   \[36.6; 38.1\]
  Breastfed within 1 hour---Yes               41.6           \[40.9; 42.3\]    34.1   \[33.4; 34.7\]
  Breastfed within 1 hour---No                43.6           \[42.9; 44.2\]    36.1   \[35.4; 36.7\]
  100+ IFA --yes                              36.2           \[35.4; 37.1\]    29.1   \[28.2; 29.8\]
  100+ IFA---no                               43.2           \[42.5; 43.9\]    35.9   \[35.2; 36.5\]
  Deworming dose---yes                        40.8           \[39.9; 41.6\]    33.6   \[32.8; 34.5\]
  Deworming dose---no                         43.5           \[42.9; 44.0\]    35.7   \[35.2; 36.2\]
  Diarrhea---yes                              44.6           \[43.4; 45.9\]    40.3   \[39.1; 41.5\]
  Diarrhea---no                               42.3           \[41.8; 42.8\]    34.3   \[33.8; 34.7\]
  Cough---yes                                 41.7           \[40.5; 42.9\]    35.1   \[33.9; 36.3\]
  Cough---no                                  42.8           \[42.3; 43.3\]    35.1   \[34.6; 35.6\]
  Birth Order \>3---yes                       50.9           \[50.1; 51.7\]    43.5   \[42.7; 44.3\]
  Birth Order \>3---no                        39.3           \[38.7; 39.8\]    31.7   \[31.2; 32.2\]
  Maternal anemia---yes                       43.4           \[42.7; 44.0\]    36.5   \[35.9; 37.1\]
  Maternal anemia---no                        39.9           \[39.1; 40.6\]    31.2   \[30.4; 31.9\]
  **Women and Child Development Sector**                                              
  Full dietary diversity---yes                37.1           \[36.0; 38.2\]    27.9   \[26.9; 28.9\]
  Full dietary diversity---no                 43.8           \[43.3; 44.5\]    36.6   \[36.1; 37.1\]
  Low birth weight---yes                      49.9           \[48.6; 51.1\]    46.6   \[45.3; 47.8\]
  Low birth weight---no                       41.4           \[40.9; 41.9\]    33.1   \[32.6; 33.6\]
  ICDS benefits---mother---yes                43.7           \[43.1; 44.3\]    37.2   \[36.6; 37.8\]
  ICDS benefits---mother---no                 41.2           \[40.5; 41.9\]    32.2   \[31.5; 32.8\]
  ICDS benefits---child---yes                 43.5           \[42.9; 44.1\]    36.9   \[36.4; 37.5\]
  ICDS benefits---child---no                  41.1           \[40.4; 41.9\]    31.8   \[31.1; 32.5\]
  Child marriage---yes                        47.8           \[47.0; 48.5\]    40.3   \[39.5; 41.0\]
  Child marriage---no                         39.6           \[39.0; 40.1\]    31.9   \[31.4; 32.5\]
  Low BMI---yes                               48.7           \[47.8; 49.6\]    46.9   \[46.0; 47.8\]
  Low BMI---no                                40.2           \[39.6; 40.7\]    30.3   \[29.8; 30.8\]
  **Water, Sanitation, and Hygiene Sector**                                           
  Improved sanitary facility---yes            35.0           \[34.3; 35.6\]    25.8   \[25.2; 26.3\]
  Improved sanitary facility---no             49.4           \[48.8; 50.0\]    43.3   \[42.7; 43.9\]
  Safe stool disposal---yes                   34.3           \[33.5; 35.1\]    25.8   \[24.9; 26.4\]
  Safe stool disposal---no                    46.2           \[45.6; 46.7\]    39.1   \[38.5; 39.6\]
  **Education Sector**                                                                
  Maternal matriculation---yes                35.1           \[34.5; 5.6\]     27.5   \[26.9; 28.0\]
  Maternal matriculation---no                 53.4           \[52.6; 54.1\]    45.8   \[45.1; 46.5\]
  **Energy Sector**                                                                   
  Clean cooking fuel---yes                    32.4           \[31.6; 33.2\]    23.5   \[22.7; 24.2\]
  Clean cooking fuel---no                     47.9           \[47.3; 48.4\]    41.1   \[40.5; 41.6\]
  **Growth Sector**                                                                   
  Poor                                        51.8           \[51.1; 52.4\]    45.8   \[45.1; 46.4\]
  Rich                                        34.7           \[34.1; 35.3\]    25.8   \[25.2; 26.4\]
  Maternal height \>145 cm---yes              39.8           \[39.4; 40.3\]    25.8   \[25.3; 26.4\]
  Maternal height \>145 cm---no               62.9           \[61.5; 64.2\]    52.3   \[50.9; 53.6\]

Logistic regression estimates showed statistically significant relationship between institutional delivery and the odds of stunting (OR: 0.91; 95% CI: 0.84; 0.98) and underweight (OR: 0.90; 95% CI: 0.83; 0.97) ([Table 3](#T3){ref-type="table"}). Children whose mothers had four or more ANC visits during pregnancy were less likely to be stunted (OR: 0.88; 95% CI: 0.83; 0.93) and underweight (OR: 0.83; 95% CI: 0.79; 0.88). Among all the correlates classified under women and child development sector, maternal BMI, dietary diversity, low birth weight, and child marriage status of mothers were found to have statistically significant associations with stunting and underweight. For example, mothers with low BMI had significantly higher odds of having a stunted (OR: 1.31; 95% CI: 1.24; 1.39) or underweight (OR: 1.88; 95% CI: 1.77; 1.99) child. A significant association was found between child undernutrition and household\'s sanitation practices in the water, sanitation, and hygiene sector. For instance, compared to households without improved sanitation facilities, the likelihood of children being stunted (OR: 0.86; 95% CI: 0.81; 0.92) and underweight (OR: 0.79; 95% CI: 0.74; 0.86) was significantly lower than households with improved sanitation facility. In the education sector, maternal matriculation was significantly associated with lower odds of stunting and underweight. For the energy sector, clean cooking fuel used by households was found to have significant bearing on child\'s nutritional status as probability of having a stunted child was lower (OR: 0.86; 95% CI: 0.81; 0.93) for those using clean fuel for cooking. All the correlates classified under growth sector were observed to have significant associations with child stunting and underweight: poorer households had higher odds of having a stunted (OR: 1.17; 95% CI: 1.09; 1.25) or underweight (OR: 1.21; 95% CI: 1.12; 1.31) child compared to wealthier households.

###### 

Logistic regression estimates regarding association between child stunting (and underweight) (12--23 months) and selected covariates, India, NFHS 2015--16.

                                              **Stunting**   **Underweight**                
  ------------------------------------------- -------------- ----------------- ------------ ----------------
  Institutional delivery---yes (ref-no)       0.91\*\*       \[0.84;0.98\]     0.90\*\*\*   \[0.83; 0.97\]
  4+ ANC visits---yes (ref-no)                0.88\*\*\*     \[0.83; 0.93\]    0.83\*\*\*   \[0.79; 0.88\]
  Full immunization---yes (ref-no)            0.97           \[0.92; 1.02\]    1.01         \[0.95; 1.07\]
  Vitamin-A supplement---yes (ref-no)         0.96           \[0.91; 1.02\]    1.06         \[1.00; 1.13\]
  Breastfed within 1 h---yes (ref-no)         0.96\*\*       \[0.91; 1.01\]    0.92\*\*\*   \[0.87; 0.98\]
  100+ IFA---yes (ref-no)                     1.01           \[0.95; 1.06\]    0.94         \[0.89; 1.00\]
  Deworming dose---yes (ref-no)               1.02           \[0.97; 1.08\]    1.03         \[0.97; 1.10\]
  Diarrhea---yes (ref-no)                     1.02           \[0.94; 1.10\]    1.16         \[1.07; 1.26\]
  Cough---yes (ref-no)                        0.95           \[0.88; 1.02\]    0.94         \[0.86; 1.01\]
  Birth Order \>3---yes (ref-no)              1.20\*\*\*     \[1.13; 1.28\]    1.18\*\*\*   \[1.11; 1.26\]
  Maternal anemia (any)---yes (ref-no)        1.05           \[0.99; 1.10\]    1.14\*\*\*   \[1.07; 1.20\]
  **Women and Child Development Sector**                                                    
  Full dietary diversity---yes (ref-no)       0.93\*\*\*     \[0.87; 0.99\]    0.79\*\*\*   \[0.74; 0.86\]
  Low birth weight---yes (ref-no)             1.54\*\*\*     \[1.44; 1.66\]    2.00\*\*\*   \[1.86; 2.16\]
  ICDS benefits---mother---Yes (ref-no)       1.06           \[0.99; 1.13\]    1.14         \[1.06; 1.23\]
  ICDS benefits---child---Yes (ref-no)        1.01           \[0.93; 1.08\]    1.06         \[0.98; 1.14\]
  Child marriage---yes (ref-no)               1.10\*\*\*     \[1.04; 1.16\]    1.10\*\*\*   \[1.04; 1.17\]
  Low BMI---yes (ref-no)                      1.31\*\*\*     \[1.24; 1.39\]    1.88\*\*\*   \[1.77; 1.99\]
  **Water, Sanitation and Hygiene Sector**                                                  
  Improved sanitary facility---yes (ref-no)   0.86\*\*\*     \[0.81; 0.92\]    0.72\*\*\*   \[0.67; 0.77\]
  Safe stool disposal---yes (ref-no)          0.87\*\*\*     \[0.82; 0.92\]    0.86\*\*\*   \[0.80; 0.92\]
  **Education Sector**                                                                      
  Maternal matriculation---yes (ref-no)       0.73\*\*\*     \[0.68; 0.77\]    0.70\*\*\*   \[0.65; 0.74\]
  **Energy Sector**                                                                         
  Clean cooking fuel---yes (ref-no)           0.86\*\*\*     \[0.81; 0.93\]    0.91\*\*\*   \[0.84; 0.98\]
  **Growth Sector/Long term factors**                                                       
  Poorer (ref-richer)                         1.17\*\*\*     \[1.09; 1.25\]    1.21\*\*\*   \[1.12; 1.31\]
  Maternal height \>145 cm---no (ref-yes)     2.00\*\*\*     \[1.84; 2.17\]    1.92\*\*\*   \[1.76; 2.08\]

*Ref refers to reference category. ORs are estimates from fully adjusted model for demographic and socioeconomic covariates. Estimates are \*significant at 0.10, \*\*at 0.05 level, and \*\*\*at 0.01 level*.

([Table 4](#T4){ref-type="table"}) presents PAR estimates for stunting and underweight pertaining to all 23 primary predictors along with their respective sectors. If all the concerned sectors simultaneously achieved their best scenarios (counterfactual) for all 23 primary predictors via successful interventions, a possible reduction by 18.37% points (95% CI: 16.77; 19.95) in stunting and 20.26% points (95% CI: 19.13; 21.39) in underweight can be achieved ([Table 4](#T4){ref-type="table"}). Across all the concerned sectors, the PAR value was the highest for women and child development sector, with a PAR value of 4.94% (95% CI: 3.56; 6.33) for stunting, and 8.92% (95% CI: 7.69; 10.14) for underweight. If both components under water, sanitation, and hygiene sector were to be reversed (i.e., improved sanitary facility and safe stool disposal), stunting could reduce by 3.83% points (95% CI: 2.81; 4.86) and underweight by 5.29% points even (95% CI: 4.31; 6.27) while keeping other factors unchanged. If all the correlates under health sector achieve universal coverage, stunting can possibly reduce by 3.71% points. If all the growth sector correlates were to achieve their counterfactual scenarios, a possible reduction of 3.34% points (95% CI: 2.63; 4.06) in stunting can be achieved. The PAR value for energy sector was notable for both stunting (PAR: 2.06; 95% CI: 1.08; 3.03) and underweight (PAR: 1.23; 95% CI: 0.24; 2.21). Substantial reductions can also come from education sector both in stunting (PAR: 2.61; 95% CI: 2.11; 3.11) as well as underweight (PAR: 2.78; 95% CI: 2.29; 3.27).

###### 

Population Attributable Risk (PAR) estimates for child stunting and underweight (12--23 months) associated with selected factors, India, NFHS 2015--16.

                                              **Stunting**   **Underweight**                    
  ------------------------------------------- -------------- ---------------------- ----------- ----------------------
  Institutional delivery                      0.31           \[0.06; 0.51\]         0.29        \[0.07; 0.51\]
  4+ ANC visits                               1.19           \[0.68; 1.71\]         1.51        \[1.02; 2.01\]
  Full immunization                           0.22           \[−0.06; 0.61\]        −0.03       \[−0.40; 0.33\]
  Vitamin-A supplement                        0.27           \[−0.10; 0.64\]        −0.34       \[−0.69; 0.01\]
  Breastfed within 1 h                        0.53           \[−0.09; 1.14\]        0.82        \[0.24; 1.14\]
  100+ IFA                                    −0.01          \[−0.84; 0.67\]        0.70        \[−0.03; 1.43\]
  Deworming dose                              0.03           \[−1.10; 0.490         −0.36       \[−1.16; 0.42\]
  Diarrhea                                    0.06           \[−0.16; 0.28\]        0.39        \[0.18; 0.61\]
  Cough                                       0.01           \[−0.03; 0.01)         −0.18       \[−0.39; 0.03\]
  Birth order \>3                             1.14           \[0.77; 1.51\]         0.95        \[0.58; 1.31\]
  Maternal anemia (any)                       0.61           \[−0.07; 1.29\]        1.46        \[0.82; 2.11\]
  **All**                                     **3.71**       **\[1.81; 5.15\]**     **3.72**    **\[2.52; 6.43\]**
  **Women and Child Development Sector**                                                        
  Full dietary diversity                      1.35           \[0.17; 2.53\]         3.53        \[2.42; 4.64\]
  Low birth weight                            1.46           \[1.21; 1.70\]         2.12        \[1.88; 2.36\]
  ICDS benefits---mother                      −0.04          \[−1.10; 1.11\]        −0.88       \[−1.38; −0.39\]
  ICDS benefits---child                       −0.01          \[−0.51; 0.47\]        −0.31       \[-0.75; 0.12\]
  Child marriage                              0.78           \[0.32; 1.23\]         0.71        \[0.27; 115\]
  Maternal Low BMI                            1.83           \[1.44; 2.22\]         3.98        \[3.60; 4.36\]
  **All**                                     **4.94**       **\[3.56; 6.33\]**     **8.92**    **\[7.69; 10.14\]**
  **Water, Sanitation, and Hygiene Sector**                                                     
  Improved sanitary facility                  1.69           \[0.97; 2.41\]         3.35        \[2.65; 4.05\]
  Safe stool disposal                         2.15           \[1.23; 3.08\]         2.03        \[1.12; 2.94\]
  **All**                                     **3.83**       **\[2.81; 4.86\]**     **5.29**    **\[4.31; 6.27\]**
  **Education Sector**                                                                          
  Maternal matriculation                      2.61           \[2.11; 3.11\]         2.78        \[2.29; 3.27\]
  **All**                                     **2.61**       **\[2.11; 3.11\]**     **2.78**    **\[2.29; 3.27\]**
  **Energy Sector**                                                                             
  Clean cooking fuel                          2.06           \[1.08; 3.03\]         1.23        \[0.24; 2.21\]
  **All**                                     **2.06**       **\[1.08; 3.03\]**     **1.23**    **\[0.24; 2.21\]**
  **Growth Sector/Long term factors**                                                           
  Richer                                      1.48           \[0.78; 2.17\]         1.76        \[1.07; 2.45\]
  Maternal height \>145 cm                    1.85           \[1.63; 2.06\]         1.61        \[1.40; 1.82\]
  **All**                                     **3.34**       **\[2.63; 4.06\]**     **3.37**    **\[2.66; 4.07\]**
  **Convergence of All Sectors**              **18.37**      **\[16.77; 19.95\]**   **20.26**   **\[19.13; 21.39\]**

*Estimates in bold represent total PAR value of sector*.

In terms of the PAR associated with individual interventions within each of the sectors, low maternal BMI had the greatest PAR value estimated PAR: 1.83% (95% CI:1.44; 2.22) for stunting, PAR: 3.98% (95% CI: 3.60; 4.36) for underweight within the women and child development sector. Within the water, sanitation, and hygiene sector, a possible reduction of 2.15% (95% CI: 1.23; 3.08) in stunting and 2.03% (95% CI: 1.12; 2.94) in underweight were estimated if all the households were to practice safe stool disposal.

To account for potential correlation between household\'s economic status and other covariates (such as dietary diversity and Vitamin A Deficiency) ([Tables S3, S4](#SM1){ref-type="supplementary-material"}) present PAR estimates for poor and non-poor separately. If all the interventions were to be put in idealized scenario simultaneously, possible reduction in stunting among the poorer households (PAR: 25.36%; 95% CI: 20.14; 30.44) would be substantially higher than those from the non-poor households (PAR: 10.68%; 8.65; 12.71) ([Table S3](#SM1){ref-type="supplementary-material"}). In case of underweight, when considering best scenarios for all interventions simultaneously, PAR values were 32.35% (95% CI: 29.18; 35.45) for poorer households and 12.08% (95% CI: 10.63; 13.52) for non-poor households ([Table S4](#SM1){ref-type="supplementary-material"}).

We also assessed PAR estimates for stunting and underweight for 115 districts identified under the ADP ([Tables S1](#SM1){ref-type="supplementary-material"}, [S2](#SM1){ref-type="supplementary-material"}). The estimates revealed a reduction of about 23.21% (95% CI: 18.98; 27.36) in child stunting and 27.74% (95% CI: 24.71; 30.72) in underweight for 115 aspirational districts if all the components (including growth sector ones) across sectors were simultaneously assumed to be in their counterfactual best scenarios ([Table S2](#SM1){ref-type="supplementary-material"}). Across sectors, the PAR value for stunting in aspirational districts was the highest for growth sector (PAR: 5.50%; 95% CI: 02.97; 8.02) ([Table S2](#SM1){ref-type="supplementary-material"}) and for underweight the women and child development sector (PAR: 11.001; 95% CI: 7.65; 14.42) had the highest attributable components ([Table S2](#SM1){ref-type="supplementary-material"}).

Discussion {#s4}
==========

This paper offers four salient findings. First, successful implementation of interventions across different development sectors simultaneously via convergent action can substantially reduce the burden of child undernutrition levels (i.e., an estimated reduction of 18% and 20% points in stunting and underweight, respectively). Second, sectors that have received less salience in policy discourse around child undernutrition to date have the substantial potential to accelerate reductions in child stunting and underweight. For instance, across all the concerned sectors, successful scaling up of water, sanitation, and hygiene initiatives can contribute significantly toward reductions in stunting and underweight. Similarly, notable reductions are possible by improving female education and by expansion of clean cooking fuel. Third, our findings indicate that growth sector is instrumental to bring about improvements in child undernutrition via long-term factors like household health and economic well-being. Finally, the overall impact of convergent actions on reducing both stunting and underweight was relatively higher among 115 aspirational districts than for all districts combined, thus indicating greater relevance of convergence in resource-poor settings.

The findings suggest that nutrition targets under various national and international commitments (such as SDGs or the POSHAN *Abhiyaan* in India) are indeed achievable if interventions across different sectors effectively converge. However, this will require considerable synchronization in delivery of key interventions from different line departments. Ensuring cent per cent coordination across diverse sectors can be arduous, but efforts such as formulation of Convergence Action Plan (CAP) at state, district and block/village level in India provides an opportunity to harness multisectoral synergies for improving nutritional well-being. The CAP is being implemented in India under the POSHAN Abhiyaan and has garnered considerable focus in governance of nutrition programmes ([@B5]). Convergence committees (councils) at various administrative tiers have been formed comprising of senior government officials at respective levels to synchronize nutrition-specific and nutrition-sensitive interventions. The primary responsibilities of these committees are to materialize all the convergence-related activities, including development of action plan, periodic reviews of schemes and nutrition outcomes, ground level coordination across sectors, monitoring and evaluation, and identifying and filling the gaps. The CAP is developed around six broad nutrition-linked components including infrastructure, service delivery and interventions, supply chain of nutrition rations and drugs, behavioral change, and follow-up. The convergence committees are required to undertake quarterly reviews of progress and discuss the intricacies regarding multisectoral convergence based on these components.

However, the CAP may have limited reach and capacity to address constraints around provisioning of clean cooking fuel or WASH infrastructure. Moreover, the CAP cannot leverage nutrition well-being in isolation of the growth sector. Thus, the realistic benefits of convergent action may get constrained to about one-half of the estimated potential. Furthermore, a key challenge in convergent action is to ensure a coordinated response at higher levels of decision making. In fact, it is rather convenient to organize village-level activities and meetings with the help of frontline workers from different sectors (such as health, women and child development, or rural development officials) whereas development of common financial guidelines that involves two or more-line departments is cumbersome. For example, at micro level, "Village Health, Sanitation and Nutrition Day" (VHSND) has been identified as the common platform for convergent actions under POSHAN Abhiyaan ([@B19]) to provide a common service-delivery platform by three frontline workers, i.e., *Anganwadi* Worker, Auxiliary Nurse Midwife (ANM) and Accredited Social Health Activist (ASHA). While the policy intent of VHSNDs is to deliver a range (about 31) of nutrition-specific and nutrition-sensitive interventions, studies have observed a limited role of VHSNDs, restricted to only routine immunization at the grass-root level ([@B20]--[@B22]). This has been partly attributed to lack of awareness among targeted households, and partly to the supply-side inefficiencies (ie., insufficient drugs, medical instruments, and other logistics) that warrant greater coordination at higher levels of policy implementation ([@B23]--[@B25]). Similarly, investment toward behavioral interventions should ideally go hand-in-hand with infrastructure facilities and skilled human resource for quality healthcare service delivery. Investing in all these will entail financial implications for other line departments as well.

Our findings suggest a substantial role of the water, sanitation, and hygiene sector, education sector, and energy sector in effective convergence and contribution toward potential reductions in child stunting and underweight. These are in line with previous studies asserting significant association of sanitation practices with child undernutrition ([@B26], [@B27]). While the ongoing efforts to build toilets under Clean India Mission (*Swachh Bharat Mission*, SBM) are necessary and much appreciated, it is equally critical to ensure the utilization of these facilities by households. Addressing other supply-side bottlenecks, such as access to water in toilets, geographical access to community toilets which are far from households---especially for female adults, and girls---needs urgent programmatic focus. Our findings also reiterate the relevance of clean cooking fuel toward reduction in child stunting and underweight. Studies have observed that the use unclean fuel for cooking causes indoor pollution and hence severely affects the health and nutrition of pregnant and lactating mothers, infants and children ([@B28], [@B29]). While distribution of Liquified Petroleum Cylinders (LPG) to low-income households is an important nutrition-sensitive policy initiative in India (*Pradhan Mantri Ujjawala Yojana)*, the policy should be expanded with provisions for ensuring sustained use among the new beneficiaries.

Our analysis reveals notable PAR in child stunting and underweight attributed to the long-term determinants in the growth sector, such as household well-being and maternal stature. Previous studies have asserted relatively stronger associations of child stunting with household wealth and maternal stature, compared to immediate interventions like vitamin A supplementation, early breastfeeding initiation, and dietary diversity ([@B11], [@B12]). While immediate interventions (both nutrition-specific and -sensitive) are necessary, they are not sufficient to achieve the full potentials in improvements of nutrition health. A robust economic environment (such as improvements in real wage, income inequality) must complement convergence efforts to achieve reductions in child undernutrition ([@B30]). For long-term recovery, it is essential that nutrition policies are supported with macro-level drivers such as rural development, financial inclusion, and sustained economic growth. Previous studies on multisectoral integration in public health discourse have also asserted the crucial role of policy entrepreneurs and mid-level actors from ministries in strengthening commitment toward improving maternal and child nutritional status in India ([@B31]--[@B33]).

The following limitations should be considered when interpreting our findings. First, the cross-sectional nature of the data from NFHS restricts us from making any inference about causality between outcome and observed correlates. Second, while estimating PAR values for several exposures (or interventions) simultaneously, the model restricts the possibility of accounting for correlation between covariates and instead assume independent effects on outcome. In this regard, we computed PAR values separately for poor and non-poor households and found substantially higher need for convergence among the poorer households. In addition, it is worth noting that when several risk factors are being taken simultaneously in the model, a complete cross classification of risk factors under consideration is done to estimate reliable PAR values ([@B34]). More sophisticated models can be used to eliminate this limitation and unravel direct and indirect pathways, which further warrants temporal (or longitudinal) data. Third, due to analytical reasons, this study was limited to children aged 12--23 months. However, this age restriction does not change the distribution of children across socioeconomic groups. Fourth, due to data-specific limitations, we could not model potential contributions of food subsidies or employment schemes such as the Public Distribution System (PDS) or Mahatma Gandhi National Rural Employment Guarantee Act (MGNREGA) of India. Finally, absence of information on various supply-side bottlenecks, such as availability in terms of geographical access to interventions as well as service providers and quality, are also important data limitations to be concerned.

In conclusion, our study provides empirical evidence supporting that multisectoral convergence is critical to bring together nutrition-specific and nutrition-sensitive interventions across different sectors to accelerate reductions in child undernutrition in India. Further improvements in programmatic design is required to ensure convergent action from key line departments such as education and clean energy as well as all-encompassing growth sectors to ensure greater action in boosting nutrition well-being.
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